Nyctiphanes simplex is one of the few neritic euphausiid species in the world. This species frequently dominates the nearshore waters of the Gulf of California, the transition zone of the California Current, and the eastern tropical Pacific off Ecuador and PerÃº. It has a high production in coastal and upwelling waters and plays an important role in the trophodynamics of these areas. This work examines the larval growth production (Pg) of Nyctiphanes simplex in Bahfa de La Paz, Baja California Sur, Mexico. The data were collected during 7 oceanographic expeditions from February-August 1990. Except for August, larval growth production remained at high levels in the bay. Daily and annual growth production for both transects were estimated. The mean annual larval Pg value for the entire area was 195.7 mgÎ�dwÎ�m-3 yr-1, the highest value recorded for the genus Nyctiphanes. The annual mean P:B ratio (defined as the ratio of annual production to average annual biomass for a particular species) for the bay was 35, using data representing mostly the youngest part of the population, which exhibits the highest growth rates (individuals � 6 mm). These values are related to the reproductive period of the species and to regional biological and oceanographic features present in this bay. We consider these values of larval Pg as an index that in BahÃ�a de La Paz the production of Nyctiphanes simplex is comparable to that of upwelling regions and that the bay functions as a nursery and feeding area for many other species, such as sardines, whales, manta rays, and zooplankton.
Nyctiphanes simplex Hansen dominates the euphausiid fauna in the nearshore waters along both coasts of the Baja California peninsula (Brinton, 1979; Lavaniegos, 1994; Gomez, 1995; Gomez et al., 1996) and represents the most important neritic euphausiid in the Gulf of California (Brinton and Townsend, 1980; Brinton et al., 1986; Lavaniegos, 1987; Gendron, 1990 Gendron, , 1992 . At times, this species dominates the noncopepod zooplankton in both numbers and biomass and has a considerable production in the coastal upwelling regions (Gomez, 1995; Gomez et al., 1996) .
Studies on population dynamics of Nyctiphanes simplex along the Pacific coast of Baja California indicate that this species shows a strong seasonal variation (Lavaniegos, 1994; Gomez, 1995) and therefore a secondary production coupled to regional oceanographic features. Lavaniegos (1995) reported production of Nyctiphane.s .simplex at Bahia Vizcaino, Mexico (28° to 29°N). She found production attributable to growth of 1,297 mg-dw M-2 yr ', representing 75% of the total for the species (exuviae 23% and eggs 2%). In the southern part of the Baja California peninsula, in Bahia Magdalena (24° to 25°N), Gomez etal. (1996) found that production of N simplex attributable to growth was 273.42 mg-dw-nr2 ` yr-', representing only one-fourth of that in Bahfa Vizcaino. These values suggest a strong latitudinal production gradient coupled to regional oceanography that may be related to the environmental instability of the upwelling system. Further research on secondary production of euphausiids in other areas of Baja California, including Bahfa de La Paz, has not been performed.
Some authors have emphasized the key position of Nyctiphanes simplex in Bahfa de La Paz as a food item for several marine organisms. Elorduy and Caraveo (1994) showed that this species may be an important component in the diet of the white fish Caulolatilus princeps Jenyns during part of the year. Feeding activity of the blue whale Balaenoptera musculus (L.), fin whale Balaenoptera physalus (L.), and the manta ray Mobula thurstoni Lloyd has been associated with daytime surface swarms of N. simplex (see Gendron, 1990 Gendron, , 1992 Del Angel and Gendron, 1997) . In Bahfa de La Paz, N. simplex dominates the euphausiid community, reaching about 98% of the total larvae, comprising 28-99% of the adult euphausiid abun- dance, and reaching the highest abundance values reported for both the west coast of Baja California and the Gulf of California (de Silva, 1997) . In this paper, we estimate secondary larval production attributable to growth for this species in the most important bay of the west coast of the Gulf of California.
MATERIALS AND METHODS
Environmental Conditions. -Bahia de La Paz is the largest protected bay on the western side of the Gulf of California, covering 2,635 kM2 (Fig. 1) . It is located near the tip of the Baja California peninsula in a climate type BW (dry-desertic) with an annual rainfall in 1990 of about 240 mm (Rueda, 1995) . It is relatively shallow in the south (�40 m) and has a 410-m deep basin in its northern part (Cruz et al., 1996) . The sea surface temperature (SST) during 1990 increased from February-August, with mean temperatures ranging from 18.7-30.5°C (Fig. 2) . From September-January, SST decreased gradually, reaching a mean value of about 18°C (de Silva, 1997) . During 1990, monthly SSTs showed no significant differences between stations. The seasonal winds in the Gulf of California have a strong influence on the surface water circulation inside the bay. During winter, north and northwest winds promote a semipermanent cyclonic gyre Fig. 2 . Sea-surface temperature (SST) (°C) and zooplankton volume (ml/1,000 m3) in Bahia de La Paz, during 1990 (de Silva, 1997) .
in the deep center area inside the bay, giving rise to surface divergence and upwelling (Jimenez, 1996) . During summer and fall, the coastal breeze system (Murillo, 1987) , featured by strong diurnal changes, is responsible for surface circulation (Roden, 1964) , associated with the tidal currents (40-70 cm s (Obeso, 1986) . These currents may cause accumulation of organisms and organic matter in the bay. Vertical profiles showed a mixed-layer column during the colder months and a strong stratification toward August when SST peaks (de Silva, 1997) . This is related to a lowering of the wind intensity in the Gulf of California (Thunell et al., 1994) . The mean zooplankton biomass showed two peaks, one in February with 556 ml/1,000 m3 and the second in May with 442 ml/1,000 ml (Fig. 2) . The biomass values recorded in this bay are as high as those reported for the upwelling areas of the California Current System (Hernandez et al., 1987; G6mez, 1992) and for the seasonal upwelling areas of the Gulf of California (Brinton et al., 1986; Jimenez and Lara, 1988; Aceves, 1992) .
Samples.-Zooplankton samples were collected monthly from 10 stations inside the bay. Because of the physiographic differences between its northern and southern areas, the sample grid was divided in 2 transects perpendicular to the main axis of the bay (Fig. 1 ) and corresponding to the San Lorenzo channel (SLC) during February-August, and to the main entrance (ME) in March, April, May, and August 1990. Collections were made using standard oblique bongo net tows during daytime (0600-1800) from 10 m above the bottom to the surface, following the method of Smith and Richardson (1979) . The mean sampling depth was 70 m. Samples taken with a 505-ltm mesh net were analyzed for this study. During February, June, and July, logistic difficulties did not allow us to sample the main entrance transect. Except for the first calyptopis stage, all stages of N. simplex were collected with this net. However, because of the daytime sampling, the largest individuals of this species were underestimated (96% individuals � 6 mm) and therefore were not included in the growth production estimations. Large samples were split using a Folsom splitter to give one-sixteenth to one-half subsamples, depending on the density of euphausiids. The specimens were identified, counted, and measured (from the tip of the short rostral plate to the tip of the posterolateral spines of the telson). Gomez et al. (1996) measured individuals without including the rostral plate, but this does not produce significant differences in the results. All individuals were grouped into 1-mm size classes.
Production. -Since the data do not allow us to analyze development time by cohorts, the age of the individuals (d ') was estimated using the parameters of Von Bertalanffy model (L°° = 18.6 mm; k = 0.01 d ') obtained under laboratory conditions by Lavaniegos (1992) for Nyctiphanes simplex. Increases in dry weight (mgdw) were estimated using the parameters of an exponential model (a = 0.005371; b = 2.31596; r2= 0.7567) obtained by Gomez et al. (1996) for the same species. Nyctiphanes simplex spawned over a prolonged breeding season, the result of continuous maturation of ovigerous females, giving rise to a complex of cohorts with overlapping size ranges (Lavaniegos, 1994; Gomez, 1995) . For this reason, growth production was estimated by applying a model suited to animals with continuous recruitment (Winberg, 1971 , modified by Ritz and Hosie, 1982): where: Pg = daily growth production (mgdwm 3 d-'); s = total number of size classes; W, = weight at the beginning of a size interval (mg); W", = weight at the end of the interval (mg) (initial weight of the next size class); D, = developmental time in days from one size to another; N, = mean density (m-1 d-') over the entire sampling period. To obtain P:B ratios, we considered a gross estimation of biomass as the weight average of size classes multiplied by mean abundance r(Wi)(Ni). tween 6 and 13 mm) were distributed in the northern portion in the deepest zone of the bay, limited by the shelf break (200-m isobath) (Fig. 3) . This can be related to the vertical migration reported for this species (Brinton, 1967) .
The size-frequency distributions of Nyctiphanes simplex showed spatial variations (Fig. 4) . In both areas, monthly mean densities (ind-rrr3) were high during February-June and showed a main mode of larvae between 2-3 mm in length in the San Lorenzo channel and 2-5 mm for the main entrance. In the latter area, the larval densities were only about 2% of those in the San Lorenzo channel.
With the exception of May, individuals of the 1-mm size class, metanauplii, were not collected. This was probably because this stage is passed very rapidly, and there was passive escape through the mesh or by extrusion. The mesh width used in this study (505 (im) was not optimal for catching the smallest larvae. In this study, animals between 2-6 mm (mostly calyptopis and furcilia) consti- tuted the greatest abundance (96%) from March-June, following the peak reproductive period of the species. Specimens between 6-13 mm (mainly juveniles and adults) were scarce, possibly because of escape from the net and vertical migration to near the bottom during the daytime. The largest individuals of Nyctiphanes simplex (>13-14 mm) were not found. Lavaniegos (1995) and Gomez et al. (1996) suggested that large individuals may be produced as a response to advantageous environmental conditions. However, in our study, it was not possible to analyze this.
The daily Pg of Nyctiphanes simplex for the Table 1 . Daily total growth of production of Nyctiphanes simplex per 1-mm size class over the entire sampling period in Bahia de La Paz. D, = developmental time in days from one size to another; W, = weight at the beginning of a size interval; N, = mean density; P, = daily growth production.
whole bay, during the entire sampling period, was calculated for individuals � 6 mm (Table  1 ) , giving a total production of 0.5362 mg'dw m-i d-' or 195.7 mg-dw-m-1 yr1 with a mean annual biomass value of about 5.6 mg.dw'm�3. Daily larval Pg for both transects was calculated for the youngest part of the population and summarized monthly (Table 2) . Mean larval Pg was 1.21 mg-dwm d-' or 441 mgdwm yr' in the San Lorenzo channel, and 0.06 mgdwm d�l or 21.9 mg-dwm-3 yr-I in the main entrance. Mean annual biomass had a similar trend, with high values at the San Lorenzo channel (12.5 my dew m-1) and lower values (0.75 mg-dw-m 3) in the main entrance. P:B ratios, considering only production attributable to growth for the youngest part of the population (1-6 mm), were 35 and 29 for the San Lorenzo channel and the main entrance, respectively. The annual mean larval P:B ratio for the whole bay was about 35.
DISCUSSION
Species of the genus Nyctiphanes are the most important euphausiids in the main upwelling ecosystems around the world (California, Peru, and Benguela Currents) (Lavaniegos, 1995) and play an important role in the trophodynamics of coastal waters (Bailey et al., 1982; Lavaniegos, 1995; Gomez et al., 1996) . Because of the high abundance of Nyctiphanes simplex recorded in Bahia de La Paz (de Silva, 1997) , in the present field study we estimated only larval production caused by growth (Pg) for this species. This estimation represents the main component of the total production, which includes eggs and exuviae (Lavaniegos, 1994; Gomez, 1996) , and according to Lavaniegos (1995) , Pg may account for about 75% of the total production for N. simplex in Bahfa Vizcaino.
A comparison of production attributable to growth (Pg), mean annual biomass (B), and P:B ratio from ecosystems on both sides of the Baja California peninsula is shown in Table 3 . Interpretation of these values should be made carefully, because they were estimated using different water volume and spa- Table 2 . Daily growth production (Pg) (mg dw m 3 d ') and mean biomass (B) (mgdwirr3) larvae of Nyctiphanes simple, (1-6 mm) in Bahia de La Paz, for the San Lorenzo channel and the main entrance. Minimum and maximum SST (°C) values. Comparison of mean growth production (Pg) (mg dw m y '), mean annual biomass (B) (mg-dw M-2), and P:B ratios of Nvctiphanes .simplex.
* mgdwm ' 'y '. ** mg-dw'm ' '. tial units (mgdwm and mgdwm 2) and because we consider only a part of the population (calyptopis and furcilia) which exhibits higher growth rates if compared with juveniles and adults. The mean Pg value for Bahia de La Paz was about 9 times the value recorded for Nyctiphanes simplex at Bahia Vizcaino (Lavaniegos, 1995) and about 36 times that reported off Bahia Magdalena by Gomez et al. (1996) , if we consider this Pg value being one-fourth that of Lavaniegos (1995) . It is the highest recorded value for the species. The highest Pg value in Bahia de La Paz (from SLC) was five times higher than the highest value reported for Nyctiphanes austratis Sars (from 1-20.99 mm individuals) in Storm Bay, Tasmania (84.7 mgdwm yr ') and 53 times greater than Nyctiphane.s couchi Bell in the North Sea (0.67-8.23 mgdwm-1 yr'). However, if we compare the same sizeclass production values (1-6 mm larvae) from Nyctiphaues australis (see Ritz and Hosie, 1982) with those in this study, the Pg values of N. simplex are only 5.8 times higher.
If we compare only the P:B ratios, it is evident that those obtained in this study are high for the species. However, total biomass value in this study was underestimated, because the part of the population that contributes the higher biomass in terms of weight was not collected. In Bahia de La Paz, the mean P:B value was two and a half times that reported for Nyctiphanes simplex at Bahia Vizcaino, Baja California (Lavaniegos, 1995) , and five times greater than the P:B value obtained off Bahia Magdalena, Baja California (Gomez et al., 1996) .
Growth production of Nyctiphanes simplex showed clear changes related to local differences in oceanographic processes. The abundance of larvae, juveniles, and adults was considerably lower on the coastal shelf at Bahia Magdalena compared to Bahia Vizcaino. Gomez et al. (1996) found greater abundance and production of N. simplex during the spring and early summer, and proposed that these differences are related to both seasonal environmental variations and changes in food availability. Lavaniegos (1995) showed this seasonality is less evident in the northern region (Bahia Vizcaino), but the high abundance and the peak of production also matches the presence of a semipermanent eddy, and the increasing food availability related to active upwelling during the fall.
During this study, the most intense reproductive period for the species (indicated by larval abundance) and the highest production were between April and June and were related to phytoplankton blooms of winter and early spring (Martinez, 1996) , when the prevailing north and northwest winds are most intense (Thunell et al., 1994; Sancetta, 1995) . The lowest production of this species is at the end of the summer, related to the increased SST and to establishment of the stratification of the water column.
The reproductive period of Nyctiphanes simplex in the Gulf of California has been reported to be from February-June with an optimal SST for recruitment between 17-18°C and a mean abundance of calyptopis and furcilia of about 5,000 ind/1,000 m3 (Brinton and Townsend, 1980) , although this species does have continuous reproduction throughout the year. In the same broad gulf area, Lavaniegos et al. (1989) found high calyptopis abundance during 1984 at SSTs between 20-23°C, but her greatest mean abundances (10,000-100,000 ind/1,000 m3) were at lower temperatures, 17-19°C. Our results in Bahia de La Paz, showed high abundance from February-June at SSTs ranging from 18-26°C with monthly mean abundance of calyptopis and furcilia between 30,396-123,720 ind/1,000 ml (de Silva, 1997) .
This extension of the breeding period across such a wide range of temperature may be related to high food availability, sustained in part by physiographic features in this area. In this sense, Bahia de La Paz can be distinguished from other important coastal lagoons of the California peninsula, such as the shallow Bahia Concepci6n and Bahia Magdalena, because it has sea mounts at the main entrance of the bay between Isla San Jose and Isla Espiritu Santo in the northern area (Cruz et al., 1996) , and an abrupt shelf break in the middle part of the bay and in the outermost part of the San Lorenzo channel (de Silva, 1997) . These features associated with the presence, in the center area of the bay, of a semipermanent cyclonic gyre caused by seasonal wind circulation, may promote active upwelling during winter and early spring (Jimenez, 1996) , and, consequently, the enrichment of the upper water layer where most of the calyptopis and furcilia larvae remain. At the same time, an anticyclonic gyre caused by tidal currents in the southern area (Obeso, 1986 ) may cause accumulation of individuals, increasing the abundance of the early stages in this area. During the summer, high intensity cold-water currents flow from the Cerralvo Island channel and the Gulf of California through the San Lorenzo channel (Jimenez, 1996) .
In our study, the high abundance of larvae (� 6 mm) of Nyctiphanes simplex may be related to both its transport to the shallow southern area by tidal currents and the maximum reproductive period associated with the seasonal production cycle of the Gulf of California (Thunell et al., 1994) . According to Lavaniegos (1994) , the high abundance of calyptopis and furcilia of N. simplex found in the nearshore area suggests that optimal development is associated with low SSTs and high phytoplankton production. In spite of this, the data recorded in Bahia de La Paz, where SSTs were higher (18-26°C), show that primary production levels remain high in this bay (Martinez, 1996) .
Bahia de La Paz appears to be a nursery area for Nyctiphanes simplex. There is a high contribution (96%) of early stages (� 6 mm) to the growth production in this area. This population structure is comparable to that observed by Lavaniegos (1995) at Bahia Vizcaino, where larvae and juveniles of N. simplex contributed 93% of growth production, and for N. australis at Storm bay with 43%. At Bahia Magdalena, 42% of the growth production of N. simplex included calyptopis and furcilia (� 6 mm). Vertical migration of juveniles and adults (Brinton and Townsend, 1980; Lavaniegos, 1996) may allow the population structure of N. simplex in Bahia de La Paz to be dominated by larvae. This has an effect on estimation of the P:B ratios, since our study considers only the part of the population that has the highest growth rate. If P:B ratios in Bahia de La Paz were to include adults, the ratios would be expected to be lower.
However, there is evidence indicating production could reach even higher values in some specific areas inside Bahia de La Paz. At the end of winter and in spring, Gendron ( 1992) found, in the center and northern area, several swarms, including larvae and adults of Nyctiphanes simplex with biomass values between 0.01-5.54 g dw m These dense swarms had a high percentage of adults in breeding condition and eggs, nauplii, and metanauplii of this species. The population structure of these swarms suggests that they are related to reproductive activity.
These high production and biomass levels for Nyctiphanes simplex emphasize the importance of this species in the trophodynamics of Bahia de La Paz, where the species is capable of supporting predation pressure from blue whales (Gendron, 1990) , fin whales, and Bryde's whales (Del Angel and Gendron, 1997 ) that feed primarily on adults, at least during the spring.
Dense aggregations of Nyctiphanes simplex have been recorded close to the bottom during daytime (Gendron, personal communication) . However, dense surface swarms associated with reproductive activity have been observed in some specific areas in the northern part of the bay during daytime (Gendron, 1992) . She found the highest density in a swarm in this area to be 32.6 g-wetw-nr3, a value which corresponds to daytime surface samples of Thysanoessa spinifera Holmes taken in the Gulf of St. Lawrence, Canada, a region considered to be a whale feeding ground. This value is greater than the biomass found for swarms of T. spinifera near Monterey, California, U.S.A., where blue whales feed. It is almost twice the amount that Brodie et al. (1978) estimated for the minimum daily requirements of a fin whale (17.9 g-m-1). In addition, N. simplex represents an important food item for commercial fish, such as sar-dines and anchovies (Brinton et al., 1986) , and also for marine birds (Gendron, 1992) .
The values of larval growth production recorded in Bahia de La Paz indicate that this area is optimal environment for reproductive activity of Nyctiphanes simplex.
